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INTRODUCTION
Many authors have considered competition a primary factor determining the structural organization of animal communities (Hutchinson 1957 , Hairston 1964 , Mac Arthur 1972 , Schoener 1974 . Either the historical role of competition or its contemporary action can account for present-day patterns of resource partitioning and community composition (Rosenzweig 1966 2 Present address: Department of Biology, Indiana University of Pennsylvania, Indiana, Pennsylvania 15705 USA. (Blaustein 1980) . When these variations occur asynchronously over a large geographic area, the result is a dynamic system within which competing species can coexist on a regional basis (Horn and Mac Arthur 1972, Slatkin 1974) . If contemporary competition is important, then species' densities or resource use should differ over time, depending on whether a competitor is present or absent. This deduction forms the basis for the increasing emphasis on experimental approaches to competition (Inger and Greenberg 1966 , Jaeger 1970 , Grant 1972 , Schroder and Rosenzweig 1975 , Brown and Davidson 1977 , Dunham 1980 Doutt et al. 1973 ).
This study investigated habitat use by Microtus and Synaptomys and tested the general hypothesis that herbivorous rodents compete directly for space and indirectly for food. I expected that: (1) Microtus and Synaptomys would exhibit microhabitat partitioning according to vegetational characteristics; (2) population fluctuations in Microtus would be accompanied by temporal variation in habitat use by Synaptomys; (3) experimental removal of Synaptomys would not significantly affect Microtus distribution; and (4) the diets of Microtus and Synaptomys would be more similar when they use similar microhabitat.
STUDY AREA
The study area was located east of Blacksburg (Montgomery County), Virginia, USA, on slopes above the North Fork of the Roanoke River at elevations between 518 and 533 m. Unless the land was cultivated or heavily grazed, the dominant plant species were eastern red cedar (Juniperus virginiana) and little bluestem (Andropogon scoparius). Infrequent pockets of deeper soils with relatively high water-holding capacity supported deciduous trees (primarily Quercus). A detailed description of the vegetation can be found in Linzey (1981) . Although the underlying rock was limestone, outcrops were not a dominant feature, and these habitats were more similar to cedar glades of Wisconsin and Missouri than to the geographically nearer Tennessee glades (Quarterman 1950 , Kucera and Martin 1957 , Curtis 1959 .
Specific sites (0.2-ha grids) were chosen after preliminary live-trapping and represented a range of habitat suitability. Four sites were located near or within the narrow ecotone between Juniperus-Andropogon and deciduous woodland; three of these were undisturbed throughout the study (Cedar Grids I, II, III); one was used for experimental removal of Synaptomys (Synaptomys Removal Grid). Small-mammal density was comparatively low on these grids, the most frequently recorded species being Synaptomys cooperi, Microtus pennsylvanicus, Peromyscus leucopus, and Blarina brevicauda.
Two additional grids were located in an area with very few deciduous trees. These grids were 50 m apart and had similar aspect and slope, but were separated by a road and steep embankment. Microtus was ultimately removed from one grid (Microtus Removal), while the other served as a control (Microtus Control). Small-mammal density was higher than on the ecotonal grids, and before perturbation, species recorded included Microtus pennsylvanicus, Peromyscus leucopus, and Blarina brevicauda.
The seventh grid (Layne Field Grid) was in an abandoned pasture that supported a dense cover of introduced grasses, an abundance of forbs, and a scattering of large, widely spaced eastern red cedars. This habitat was bounded on three sides by a Juniperus-Andropogon association. Microtus pennsylvanicus occurred in moderate densities and was the only small mammal recorded on the grid.
MATERIALS AND METHODS

Mammal sampling
Mark and recapture studies extended from July 1978 to June 1979 on Cedar Grid I and from October 1978 to June 1979 on Cedar Grid II. Grids were staked at 5-m intervals and live-trapped each month for four consecutive nights; one small Sherman live trap was placed at each station. Live-trapping was inefficient because of low population density and poor recapture of Synaptomys. Unbaited dropping boards were used throughout the remainder of the study (Eadie 1948 , Emlen et al. 1957 , Linzey 1981 . One board (1 x 6.5 x 15 cm) was placed near each grid station and one in the middle of each square formed by four stations (sampling interval -3 m). During a sampling period, 870 to 905 boards per grid were set for 10 d and checked at 2-d intervals (five times). At each check, droppings were identified and boards were cleared. Successful use of dropping board technique depends on accurate identification of droppings. Droppings of Synaptomys are distinctly green, blunt at both ends, and deposited singly; those of Microtus are brown or black, pointed at one end, and often deposited in adhering clusters (Burt 1928 , Cockrum 1952 , Connor 1959 , Linzey 1981 .
The relationship between frequency of board use and population size for Microtus was tested by conducting 10-d board surveys followed by 4-d live-trapping sessions (n = 5). Population size was estimated by minimum number known to be alive (Krebs 1966 
Vegetation analysis
Vegetation analyses were conducted on Cedar Grids I and II in an attempt to determine how the grids differed, because Synaptomys was a permanent resident on Cedar Grid I but only occurred on Cedar Grid II in the absence of Microtus. Variables reflecting density of ground cover, trees, and shrubs were selected on the basis of earlier research suggesting that these are important factors in habitat selection by Microtus and Synaptomys (Eadie 1953 , Getz 1961 , 1970b ). All cover estimates were made during August at peak grass/forb development and again during winter when cover was minimal (between December and February). Tree/shrub counts were made during two summers (1979, 1980) and were completed before leaf fall. Sampling units were squares formed by grid stations (25 m2).. Sampling intensity was 100% (n = 78) on Cedar Grid I and 33% (n = 26, randomly chosen) on Cedar Grid II. was obtained from dropping boards except for winter samples of Microtus from Cedar Grid I, which were collected from trapped animals. In this case, only droppings from the first capture of a given individual were used. Freshly collected droppings were oven-dried for 24 h at 70°C and stored until processing.
To prepare samples for analysis, 10 droppings per sample were rehydrated and ground to form a water suspension. Several drops of the suspension were spread evenly over a slide and ten randomly chosen fields were examined microscopically. Ten slides were prepared for each locality and season. Plant remains were assigned to the following categories: Andropogon, other monocot, dicot, or moss. Because of differential digestibility, fecal samples probably overestimate moss and monocotyledon content of the diet and underestimate forbs (Batzli and Pitelka 1971) . However, the bias should be consistent for both species of microtines so that comparisons of diets can still be made.
The frequency of fields in which a given food item occurred was converted to density per field, using a table developed by Fracker and Brischle (1944) , and then to relative density. For this conversion to be fully valid, plant fragments must be randomly distributed over the slide and the density of fragments must be such that the most common species does not occur in >86% of fields (Sparks and Malechek 1968). The second requirement could not be met for all samples because Andropogon occurred so frequently in Synaptomys droppings that procedural adjustments to lower its density resulted in virtual elimination of other plant remains. Degree of dietary similarity was calculated using proportional similarity (simplification of Pielou Dropping boards were initiated in July 1979 and, although Microtus was not recorded on Cedar Grid I during spring and summer 1979, this species was present during fall sampling and throughout the remainder of the study (Table 1) (Fig. 2A ). There were up to 6 Microtus (30 individuals/ha) present in a given month, with most Microtus captures occurring between October and March. Synaptomys was first recorded in late spring at a peripheral grid station. Microtus visited 22% of the 98 trap stations, Synaptomys visited 2%, and 1% were visited by both species (not in the same month). During summer 1979, when Microtus numbers had declined in the general area, dropping board records indicated that Synaptomys was evenly distributed over the grid except for areas of poor cover associated with a rock outcrop and dense tree canopy (Fig. 2B) . Synaptomys visited 18% of the stations, while Microtus visited 2%. Two percent were visited by both species, although not during a single 2-d period. Sparse records for the remainder of the study (Table 1) apparently reflected slow recovery of populations from low winter density. By summer 1980, Microtus had only recolonized one edge of the grid and Synaptomys was scattered throughout the remainder (Fig. 2C) . Synaptomys and Microtus visited 8 and 4% of board stations, respectively. One percent of stations were visited by both species, although not during a single 2-d period. Statistical tests indicated that Synaptomys visited grid stations different from those frequented by Microtus (2 = 14.8, 5 df, P < .05).
Initial board sampling on Cedar Grid III during summer 1979 indicated that Synaptomys occurred over much of the grid, but avoided local areas where ground cover was poor (Fig. 3A) . Synaptomys visited 20% of the 181 board stations, while Microtus visited 2%. One station (0.5%) was visited by both species, although not in the same 10-d period. As Microtus records increased through fall and winter (Table 1) Table  2 ). This suggested that the deciduous tree/shrub component on Cedar Grid I served as a refugium for Synaptomys and enabled Microtus and Synaptomys to coexist on the grid. Coexistence was not possible on Cedar Grid II where this component was lacking.
Vegetation data from Cedar Grid I were used to characterize microhabitat use at times when Microtus and Synaptomys coexisted on the grid and when Synaptomys occurred alone (Table 3) . Analyses were based on summer distributions of microtines and vegetation, as animal records in winter were insufficient to define ranges.
When both species were present on the grid, squares visited by the two microtines differed only in that Synaptomys' range included higher densities of deciduous trees and shrubs (other than Rubus/Rosa). Squares not occupied by either species (nonrange) had significantly less grass cover, but were generally similar to Synaptomys squares in regard to shrub and tree cover. DFA was used to determine which variables were most important in distinguishing squares within Microtus microhabitat from squares within Synaptomys microhabitat (Table 4) . Eight parameters contributed to the discriminant function; one of these had means that were significantly different (deciduous trees 1-4 m, Table 3 ). All discriminating variables except one (grass 26-50 cm) were measures of tree/shrub abundance and were higher on Synaptomys squares. The power of discriminating functions can be tested by determining their accuracy in predicting whether squares should be assigned to Microtus or Synaptomys microhabitat. A high percentage of squares were correctly classified (81.4%), with a slightly higher accuracy for Microtus (84%) than for Synaptomys (78%) ( Table 4) .
During the absence of Microtus from Cedar Grid I, Synaptomys microdistribution shifted to include most of former Microtus range (Fig. 1) (Table 5) . With one exception (grass 26-50 cm), all these variables measured densities of trees and shrubs, which were present in lesser quantities in squares preferred by Synaplomys in the absence of Microtus (Table 3) . Accuracy of classification was higher for Synaptomys microhabitat without Microtus (85%) than for Synaptomys microhabitat with Microtus (72%) ( Table 5 ), indicating that squares preferred by Synaptomys in the absence of Microtus exhibit less variability.
Microtus removal experiment
Microtus Removal and Microtus Control grids were trapped prior to board sampling (860 trap nights) and the only microtine captured was Microtus (winter density on Removal Grid 50 Microtus/ha; population density not determined on Control Grid). Before removal, by Synaptomys and Microtus, respectively. On the Microtus Control Grid, the number of board visits by Microtus (47) was similar to the number recorded on the Removal Grid the previous summer (55) ( Table  1) . While 13% of board stations on the Removal Grid were visited by Synaptomys after Microtus removal, only 1% were visited by this species on the Control Grid (Fig. 4C) . These results indicate that Synaptomvs will colonize Microtus habitat if Microtus has been removed.
Synaptomys removal experiment Cedar Grids I and III were most similar in vegetation structure to the Synaptomys Removal Grid and served as controls for this experiment. Sampling on the Removal Grid during summer 1979 (before removal) indicated that Synaptomys numbers were approximately the same on Removal and Control grids, but that Microtus were more abundant on the Removal Grid than on the Control Grids (Table 1) . Synaptomys ranged over most of the grid, but avoided a corner where Microtus records were concentrated (Fig. 5A) . Synaptomys and Microtus visited 21 and 7% of the 176 board stations, respectively.
Synaptomys was removed during fall 1979, and by summer 1980, two individuals had recolonized a moss bed at one corner of the grid (Fig. 5B) 
Food habits analysis
Diets of Microtus and Synaptomys were examined to test the hypothesis that exclusion of Synaptomys from habitats preferred by Microtus reduces competition for food. If this hypothesis is correct, dietary overlap of Synaptomys and Microtus would be greater when the species are not competing for space (Microtus absent) than when competing (Microtus present). Thus, overlap should be greater between Microtus from the summer before removal and Synaptomys from the summer after removal (living in the same microhabitat) than between the two species on Cedar Grid I where they coexist in separate microhabitats.
Fecal analysis indicated that Synaptomys fed primarily on Andropogon in summer, while Microtus ate considerable quantities of other monocots and dicots (Table 6) My data do not indicate whether the colonization of former Microtus microhabitat by Synaptomys results from dispersal of young, a microdistributional shift of adults, or a combination of both factors. On Cedar Grid I, it appeared that the microhabitat of Synaptomys shifted rather than expanded because some formerly occupied locations were vacated (Fig. 1) . Also, colonization of the Microtus Removal Grid by Synaptomys (Fig. 4) (Table 6 ), even though they were a very sparse vegetational component (Table 2 ). Greater reliance on Andropogon during winter may reflect lower quality of other available forage and may be related to decreased breeding.
Comparison of food habits supported the hypothesis that the ultimate object of competition between Microtus and Synaptomys was food. Synaptomys diet became more diversified when living alone in preferred habitat (Microtus Removal Grid), which suggests that Microtus kept Synaptomys from some foods. However, Synaptomys did not abandon its apparent preference for Andropogon, which is puzzling because laboratory feeding trials indicated that both Microtus and Synaptomvs lost mass when fed Andropogon (Linzey 1981 (Miller 1967 , Grant 1972 ). This conclusion is consistent with the observation that when interference competition occurs between generalist and specialist species, the specialist usually prevents access by the generalist (Colwell and Fuentes 1975 
